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leptonic Kaon/Pion decay including radiative corrections

leptonic Meson Decays: Motivation

> leptonic meson decays: K*/n% — £¥u,
> tree-level decay rate (e.g. kaon decay)
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[FLAG, Eur.Phys.J.C 80 (2020), http://flag.unibe.ch/2019/]
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leptonic Kaon/Pion decay including radiative corrections

leptonic Meson Decays: QED corrections

v

pertu rbative treatment of QED on lattice rw12s coliaboration, Phys.Rev. D87, 114505 (2013)]

v

formalism for ng [N. Carrasco et al, Phys.Rev. D91, 074506 (2015)], [V. Lubicz et al, Phys. Rev. D95, 034504 (2017)]

v

quark QED corrections O(eg)

lepton QED corrections O(e?)

O% — absorbed in renormalisation of lepton

v

v

quark-lepton QED correction O(egeq)

v

final state photon radiation (to cancel IR divergences)
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leptonic Kaon/Pion decay including radiative corrections

leptonic Meson Decays: Status and Plans

> first lattice results (v. bicaro et i Phys. Rev. D 100, 034514 (2019)], [D. Giusti et al, Phys. Rev. Lett. 120, 072001 (2018)],
[A. Desiderio et al, arXiv:2006.05358]

> RBC/UKQCD Status:

= Work in progress: Calculation directly at the physical point
= Full calculation of all quantities in 2-3 years including
o continuum extrapolation
o non-perturbative renormalisation of the weak Hamiltonian in QCD+QED
o isospin breaking effects for sea quarks
o lattice calculation of real photon emission

= Exploring to calculate QED corrections in infinite volume analytically to
eliminate power-law finite volume errors (x. Feng and L. Jin, Phys. Rev. D100, 094509 (2019)]

> inclusion of isospin breaking corrections in the calculation allows for a more
precise determination of Vs and V4

> aim for precision of all required lattice calculations to < 1%o within 10 years
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semi-leptonic Kaon decay including radiative corrections

Semi-leptonic Kaon Decay: Motivation

» Kjy3-Decay: K — wlu,

> hadronic matrix element (w/o QED corrections)

(7 (px) [U7s| K(P)) = Fr(a°) Pk + Pr)p + F-(4%) (Pk — Pr)p

> tree-level decay rate FIAG2019 f+©
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> [sospin Breaking corrections from
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XPT [V. Cirigliano et al, JHEP 11 , 006 (2008)] 0.95 0.97 0.99 1.01

non-lattice Ny=2

P . . [FLAG, Eur.Phys.J.C 80 (2020), http://flag.unibe.ch/2019/]
> plan: ab initio determination from

lattice QCD+QED
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semi-leptonic Kaon decay including radiative corrections

Semi-leptonic Kaon Decays: Isospin Breaking corrections

> Kg;: KT — nl%*y, Kg3: K® — 7t ¢Fu,

> examples of diagrams

> final state photon radiation to cancel IR divergences (detailed discussion in

[C. Sachrajda et al, PoS LATTICE2019 (2019)])

> |attice calculation to scan the whole 2D Daliz plot of allowed kinematics

> Within 10 years: complete calculation at physical point at %o-level precision
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semi-leptonic Baryon Decays

semi-leptonic Baryon Deacys

» Decays B; — Bff~ v, with 5=0
s — u within the Baryon octet
> determination of Vs ) =1
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semi-leptonic Baryon Decays

semi-leptonic Baryon Deacys

> lattice calculation of the required hadronic matrix element

<Bi’ﬁ')’u(1 — ’75) S’Bf>
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Mg, + Mg, Mpg, + Mg,
pv
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six hadronic form factors

> Lattice calculations including Baryons suffer from exponentially growing
noise-to-signal ratio

> short term (=2 2-3 years): Lattice QCD calculation at 1% precision

> long term: going beyond 1% precision? <— future experimental effort?
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